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Abstract
Introduction. In neonatology, various illness severity scores have been
developed to predict mortality and morbidity risk in neonates. The aim of
our study was to validate the ability of the ‘Clinical Risk Index for Babies’
(CRIB) II score to predict mortality in neonates born before 32 weeks’
gestation in a level 3 neonatal intensive care unit (NICU), setting.
Materials and Methods. Prospective birth cohort study including all live-
born neonates of 32 weeks’ gestation or less. . CRIB II score was
calculated and the predicted mortality was compared with the observed
mortality. Discrimination (the ability of the score to correctly predict
survival or death) was assessed by calculating the receiver operating
characteristic curve (ROC curve) and its associated area under the curve
(AUC).
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Results. The ROC curve analysis in our study showed that the AUC was
0.9008 suggesting that mortality prediction was 90% accurate for all
infants. Sensitivity and specificity were 77% and 88% respectively. In our
study population, the CRIB II score appears to be more accurate than
gestational age and birth weight in predicting mortality.
Conclusions. The CRIB II scoring system is a useful tool for predicting
mortality and morbidity in NICUs, and also a useful tool for evaluating
the variations in mortality and other outcomes seen between different
NICUs.
Key words: CRIB, CRIB II, mortality, neonates, outcome, prematurity,
scoring system
Introduction
In neonatology, various illness severity scores have been developed
during the last two decades with the purpose of predicting mortality and
morbidity in neonates. Moreover, the use of scoring systems is
mandatory in order to effectively compare performances between
neonatal intensive care units (NICUs), in regard to variations in
mortality and morbidity between different NICUs. (1,2)
The Clinical Risk Index for Babies (CRIB) score is a risk-adjustment
instrument widely used in NICUs. (3)
It was developed more than twenty years ago and is based upon six
variables. Recently, its appropriateness has been questioned since
mortality in NICUs has fallen because of improvement in therapy and
monitoring. (4)
Furthermore, CRIB includes two potentially questionable parameters: 1)
the fraction of inspired oxygen (FiO2), which is not a true physiological
measure because it is determined by the care team; and 2) data
collectected up to 12 hours after admission, thus potentially introducing
early treatment bias.
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In order to overcome these issues, a new, simplified and recalibrated
five-item CRIB II score was developed in 2003. (5)
The aim of our study was to validate the ability of CRIB II score to
predict mortality in neonates born before 32 weeks’ gestation in a level 3
NICU setting. This study is the first prospective analysis of CRIB II score
in the Croatian neonatal population.
Materials and Methods
This prospective birth cohort study was performed at the tertiary
Neonatal Intensive Care Unit, Department of Gynaecology and
Obstetrics, Division of Neonatology, University Hospital Rijeka, during a
five-year-period (January 1st 2008 – December 31st 2012).
The study population included all live-born neonates of 32 weeks’
gestation or less. Exclusion criteria were: 1) less than 23 weeks’ gestation;
2) admission to NICU more than 12 hours after delivery; 3) presence of a
lethal congenital malformation; 4) death within the first 12 hours of
life.Gestational age was calculated based on the first day of the last
menstrual period (LMP). In cases where LMP was not known, gestational
age was assessed using obstetric ultrasonography. The birth weight was
recorded in NICU, immediately after admission, using an electronic scale
with a sensitivity of 10 grams. Capillary blood gas analysis was performed
in all infants. The body temperature was measured using a digital
thermometer with a sensitivity of 0.1° C. The above mentioned
parameters were used to calculate the CRIB II score.
The measured outcome was in-hospital mortality. Predicted mortality
was compared with observed mortality. A logistic model was used to
analyse the prediction of mortality using the CRIB II score on admission.
Discrimination (the ability of the score to correctly predict survival or
death) was assessed by calculating the receiver operating characteristic
curve (ROC curve) and its associated area under the curve (AUC). An
AUC value of 0.5 or less indicates no ability to discriminate, whereas
larger values indicate increasing ability. A value of 0.8 is considered
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good. (6,7)
Results
One hundred and fifty three infants, which fulfilled the criteria for the
study, were admitted to NICU during a 5-year period (males: 84 (55%),
females: 69 (45%)).
The average gestational age was 27.68±2.32 weeks (median 28.00, range
23.00-31.00) and average birth weight was 1063.11±369.24 g (median
1040.00, range 390.00-1900.00). The CRIB II score was 9.03±4.28
(median 9.00, range 1.00-19.00). One hundred and nineteen neonates
survived (78%) and 34 died (22%).
ROC curve analysis of mortality prediction capability of CRIB II showed
that the AUC was 0.9008 (SE 0.0264, 95% CI: 0.84204-0.94317)
suggesting that mortality prediction was 90% accurate for all infants
(figure 1). Sensitivity was 77% and specificity 88%, respectively.
ROC curve analysis of mortality prediction capability based on birth
weight showed that the AUC was 0.842 (SE 0.0364, 95% CI: 0.774-
0.896), while the ROC curve analysis for gestational age showed that the
AUC was 0.840 (SE 0.0395, 95% CI 0.772-0.894) (figure 1)
Med Calc 9.3.9.0. software was used for data analysis (MedCalc,
Mariakerke, Belgium).
Discussion
The main finding emerging from our results is that CRIB II is a reliable
tool for mortality prediction in a preterm population, within a level 3
NICU setting, and performs better than gestational age or birth weight.
Nevertheless, there are some possible study limitations. The most
important is related to the small number of enrolled infants, particularly
if we consider the number of extremely low birth weight (ELBW) infants,
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which was only 15%, too few to examine this sub-group separately.
According to Fleisher and co-workers, the properties of a scoring system
should be: ˝ (1) ease of use; (2) applicability early in the course of
hospitalisation; (3) ability to reproducibly predict mortality, specific
morbidities, or cost for various categories of neonates; (4) usefulness for
all groups of neonates to be described˝. (8)
The ability of a score to differentiate between infants with different
outcomes (discrimination) is also important, as good calibration cannot
be achieved without good discrimination. (1) Discrimination is measured
by the area under the receiver operating characteristic curve obtained by
plotting the true positive rate against the false positive rate for the full
range of values. (7,9)
The area under this curve indicates the overall discriminatory ability of a
scoring system. An ideal test would have an area of 1.0 (no false positive
or false negative results), whereas a score no better than chance alone
has the value 0.5. A value above 0.8 is often considered as an indicator
that the score may be useful in practice. (6,7)
The CRIB score was created to predict mortality for infants born before
32 weeks’ gestation and was derived using data from infants admitted to
four UK tertiary neonatal units in the period 1988 – 1990. (3) CRIB II, an
amended and potentially improved version of CRIB, was published in
2003. (5) The new score was intended to improve predictions for smaller,
very premature infants and to exclude variables that could be influenced
by care given to the infant. (1,5)
So far, published analyses of the mortality prediction capability of CRIB
II have showed controversial results, very much dependent on the study
setting. Reports are swinging between the conclusion that CRIB-II does
not result in improved estimation of mortality risk in very low birth
weight (VLBW) infants as compared to CRIB, birth weight or gestational
age, to totally opposite statements that CRIB and CRIB-II show similar
accuracy values in predicting in-hospital neonatal mortality in VLBW
infants. Nevertheless, it appears that neither score offers a particular
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advantage in predicting mortality, as compared to gestational age or
birth weight. (10,11)
The ROC curve analysis in our study showed that the AUC was 0.9008
suggesting that mortality prediction was 90% accurate for all infants.
Sensitivity and specificity were 77% and 88% respectively. In the study of
Mohkam et al. (4) conducted in Tehran, Iran, CRIB II AUC was 0.698
with a sensitivity of 69.6% and specificity of 63.0%. The mortality
prediction using CRIB II score was better in our infants. Results similar
to ours were published by Rastogi et al. (6) in 2010; they showed that
CRIB II correctly predicted adverse outcomes in 90.3% of Indian
preterm infants, AUC 0.9032 (SE 0.0345, 95% CI: 0.83553-0.97096).
Obviously, the prediction capability of CRIB II, as with other scoring
systems, depends on the characteristics of the NICU setting. Our study
results showed a considerably better prediction capability of CRIB II
when compared to gestational age or birth weight.
In a recent study Gooden and co-workers found that in resource-poor
neonatal settings, where mortality of VLBW infants is high, there may be
no benefit of additional variables and scores other than birth weight, in
order to increase the capability of mortality prediction. (12)
Greenwood, in a study evaluating CRIB-II as a predictor of moderate to
severe functional disability (FD) in very premature infants, concluded
that, although CRIB-II improved prediction of mortality, it did not
perform better than gestational age or BW in predicting FD. (13)
Even if not a perfect neonatal scoring system, CRIB II could have a role
as a reliable illness severity index in different research settings in the
NICU environment. (14,15)
Manktelow and co-workers, aiming to validate the predictive value of
different versions of CRIB II, came to a conclusion that CRIB II could be
used in benchmarking mortality in neonatal intensive care units, even
when some variables are omitted. (16)
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Conclusion
The CRIB II scoring system is a useful tool for predicting mortality and
morbidity in NICUs, and also a useful tool for evaluating variations in
mortality and other outcomes seen between different NICUs. The ability
of CRIB II to predict mortality better than birth weight or gestational age
depends on the specific neonatal setting and is clearly influenced by the
overall level of care and quality of neonatal resources.
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Figure 1. Mortality prediction on ROC curve with CRIB II; AUC 0.9008
(SE 0.0264, 95% CI: 0.84204-0.94317)
Figure 2. Mortality prediction with gestational age on ROC curve; AUC
0.840 (SE 0.0395, 95% CI 0.772-0.894).
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